rier (eVc), it will reach the anode. It will lose at least e Va units of energy to the anode lattice (this energy will have to be removed by cooling the anode). The electron will next lose eV\ units of energy while doing usable work at the load. Before returning to the F e r m i level of the cathode it will loose e Vw units of energy at the cathode lead wire 1.
Theoretical Efficiency of a Thermionic Diode
rier (eVc), it will reach the anode. It will lose at least e Va units of energy to the anode lattice (this energy will have to be removed by cooling the anode). The electron will next lose eV\ units of energy while doing usable work at the load. Before returning to the F e r m i level of the cathode it will loose e Vw units of energy at the cathode lead wire 1.
The performance of such a diode was discussed by several workers 2-5. It was shown that the efficiency (rj) increases as the anode potential ( Va) decreases. There is, however, an optimum value of F a , beyond which a further decrease of Va will lead to a decrease in the efficiency (due to an increase in the bade em ission). This optimum value depends in general on the anode temperature (Ta), and varies in the range 0.5 to 1.0 volt for r a < 5 0 0°C . In 1962, Va values, smaller than 1.6 volts were con sidered to be impractical for the operation of therm ionic dio d es2. Two years later C h a p m a n 6 and K l u g e 4 reported on thin film coated electrode ma terials having minimum Va values in cesium vapor of 1.4 and 1.0 volt, respectively. With this, experi mentalists have arrived at the doorsteps of the opti mum range which was mentioned above. The pre sent analysis covers this optimum range of low anode potential and high efficiency. 
THEORETICAL EFFICIENCY O F A THERMIONIC DIODE THEORETICAL EFFICIENCY OF A THERMIONIC DIODE Analysis
The R i c h a r d s o n eq u atio n 2 was used for the cathode and anode current.
The net current is equal to
The efficiency of a thermionic diode, having a potential energy diagram , as shown in Fig. 1 , is given by 
The terms 2 k T\/e, i = a, c, represent the heat, carried by the electrons in the form of kinetic energy (sometimes referred to as the electron cool ing term s). In case that / a = 0 (i,e,/ = / c) it has been sh o w n 5> 3 that the efficiency was maximized by the following relations:
It is assumed that these relations will approxi mately maximize rj even when / a + 0. Then eq. (3) and (4 ), after some algebra, reduce to >;=(2 P -Q )I(P + B) P is equal to the usuable power density, that is, power dissipated at the load, namely
The pair of eqs. (5) and (7) is mathematically equivalent to r] = t)1(P ,V "T c,T J.
Although the explicit form of is unknown, 7 ] can be calculated for any value of the independent variables by using eq. (5) and (7 ). The indepen Final results for two cases are presented (Figs. 2, 3 ). In one case (Fig. 2) cathode and anode are assumed to be blade (£ = 1) and in the other (Fig. 3 ) the cathode and anode m aterials are assumed to have the emissivity of tungsten8. The multiple reflec tion emissivity in the latter case was calculated from £ -[ l / e ( r c) + 1 / 6 ( 7 -) T=[T,T^!'. (12) Geometric mean temperature, rather than anode temperature is used, because of the non-grayness of the metallic surface 9. 
Conclusions
The locus of the points of maximum efficiency (Fig. 3) is shown in Fig. 4 (solid lines) . For com parison, curves of maximum efficiency for tungsten electrodes, as computed by H o u s t o n 5, are also given (broken line) in Fig. 4 . It is evident from Fig. 4 that if a diode could be made to work with an opti mum anode potential of 0.8 -0.9 volts (Fig. 3 ) , the efficiency of present day diodes ( F a > 1 .6 volts) could perhaps be more than tripled.
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Non-linearities and Discontinuities of the Photoemission from Multi-Alkali Cathodes at Nitrogen Temperatures* H . H o r a * * , R . K a n t l e h n e r , and N. An account is given of measurements relating to the temperature dependence of the photo emission of multialkali cathodes at temperatures in the region of 80 °K. These measurements show intensity-dependent and spectrally dependent non-linearities with hysteresis in which pronounced discontinuities of the quantum yield of the photoemission occur up to a factor of 2. With a tem perature constancy in the region of ± 0 .0 1 °K these discontinuities are fully reproducible. Because of the extremely high temperature sensitivity of it is used for detecting thermal radiation on the cularly well technically.
In discussing the increase of the photoemission from alkali halides and other polar crystals just be low the fundamental-band absorption, whereby the photoelectrons are excited secondarily by excitons apparently produced by the lig h t1, F. S e i t z sug gested that "such a process would depend on inci dent radiation intensity or would lead to hysteresis and irreversible changes" .
A p k e r and T a f t 1, on the other hand, established complete invariability of their results and thus strict linearity of the photoemission when the light inten sity is varied by more than a factor of 10. In the many works that have appeared since then no doubts have been cast on their findings2.
In the following an account is given of measure ments of the photoemission from multi-alkali catho des. These measurements show the dependence on the light intensity predicted by S e i t z (non-linearity, hysteretic properties and discontinuities) and are reproducible only by reactivation in keeping with the hysteresis. At the same time extremely high senthe effect interesting prospects are afforded when basis of photoelectrons that can be utilized partisitivity of the properties of the cathode on tem pera ture is obtained. The latter was taken as the start ing point of these investigations when a complete anomaly in the temperature dependence of the photo emission was found for the first time in I 9 6 0 3 at multi-alkali cathode temperatures in the region of 110 °K. It was established that the quantum yield increased in a reproducible manner by a factor of 3 for photon energies of 2 eV when the temperature drops by 1 °K. This factor was determined from measurements in which, it may be pointed out by way of completion, not the photoemission with con stant monochromatic light at various cathode tempe ratures was measured, but the spectral distribution at progressively changing temperatures.
The application of this temperature effect in a radiation detector has been proposed. Here the photoelectric current of the cathode, which is suit ably illuminated in the range in question, is modi fied very finely when the radiation to be measured heats the cathode4. When continued appropriately
